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naires suggests an increase of the mesopic lumi-
nance at road levels (up to 2 cd/ m2 in European 
standards (EN 2004)) or in tunnel lighting (internal 
zone) where, in Italy, the great luminance required 
values is 3 cd/ m2 (UNI 2003). For these reasons the 
Italian standard for the selection of lighting classes 
gives the possibility to adopt a class with lower re-
quirements in the maintained luminance or illumi-
nance values if LED luminaires with CRI greater 
of 60 is adopted.
Unfortunately, in some installations drivers report 
higher sensation of glare if compared with tradition-
al discharge lamps installations with practically the 
same calculated values of TI.
Also, the present state of knowledge doesn’t pro-
vide a reliable quantitative description of some vis-
ual perception parameters when LED light is in-
volved: colour rendering, glare and contrast evalu-
ation need improvements in their defi nitions (CIE 
2007).
As a matter of fact, psychophysical quantitative 
parameters (e.g. CRI and TI), and even vision mod-
els (e.g. STV), as defi ned in CIE technical reports or 
international and national standards, show low or 
doubtful correlation with the real world vision con-
ditions when LEDs are involved.
Lighting experts are aware of the problem and 
several researches about LED and glare have been 
starting to be carried out (i.e. (EMRP 2009)).
Our work takes place in this kind of researches. 
It is divided into three phases: the fi rst two are car-
ried out in laboratory conditions (infl uence of the 
source spectra, infl uence of the source dimensions). 
The last one (dynamic evaluation of visual perform-
ances) will be carried out next year considering real 
ABSTRACT 
1The aim of this research is to compare the infl u-
ence of two different luminous sources (incandescent 
light and LED light) on perceived contrast of ob-
jects in a disability glare context. About 25 subjects 
were involved in an experiment in order to monitor 
the variations in their contrast perception threshold, 
with and without glare sources, using a calibrated 
computer LCD display. In this fi rst phase the spectral 
infl uence is investigate. Typical applications of this 
research results, could be road and tunnel lighting 
requirements on disability glare restrictions when 
LED sources are used.
Keywords: subjective experiment, contrast 
threshold, disability glare, LED 
1. INTRODUCTION 
1.1. LED 
We chose to investigate disability glare due to 
solid state lighting and comparing it with a tradition-
al source, because nowadays LEDs are a great prom-
ise in lighting engineering. This is true, not only for 
energy saving, lifetime, fl exibility in luminaries de-
sign and range of luminous fl ux control, but also for 
appearance and quality of lighting.
Considering road and tunnel lighting the spectral 
behaviour of the LED light improve the vision con-
ditions, especially if peripheral vision in involved. 
The S/P (scotopic/photopic) ratio of these lumi-
* On basis of the report presented at the 27 th CIE Session 
in Sun City, South Africa, July 2011
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1.3. Models for vision 
As said, glare is always a very negative matter 
in vision: discomfort glare is annoying while high 
levels of disability glare can totally hamper vision 
(e.g. this is the case of glare weapons).
The main goal of this research work, considering 
the three phases described above is to verify and cor-
relate the STV (Small Target Visibility) model and 
the CIE disability glare model when LED luminaires 
are used for road lighting.
In night vision, especially during driving, glare 
can affect the safety of people. For this reason, dif-
ferent methods have been proposed in order to gen-
erate a model for night vision, especially concerning 
road lighting. The safety key issue of a road lighting 
system is the ability to make visible an obstacle at a 
distance of vision, conventionally considered equal 
at 83 m. STV method is an algorithm (ADRIAN, W. 
1989), (ADRIAN, W. 1993) to quantify the ability 
of a lighting system to make visible a series of nor-
malized obstacles, properly distributed on the illu-
minated area. It was proposed as an alternative to the 
usual luminance design method (IES 2000), based 
on the achievement of minimum values of average 
luminance and uniformity. In Italy, a standard is un-
der development: it permits the comparison between 
systems formally similar in terms of lighting class-
es, but with different characteristics in the ability to 
make objects visible on the road.
The veiling luminance due to the light sources 
in peripheral vision is evaluated following the CIE 
General Disability Glare Equation (CIE 2002).
 =  +  +   
 + 
?
?
?
?
????
?????
10 5 0 1
1
62 5
3 2
4
θ θ θ
,
,
⎡
⎣⎢
⎤
⎦⎥
⋅
⋅ ⎛
⎝⎜
⎞
⎠⎟
⎡
⎣
⎢
⎢
⎤
⎦
⎥
⎥
 + 0,025?,
(1)
where:
Eglare is the illuminance in lux on the observer 
eye due to the glare sources;
q is the angle between the observation direction 
and the glare source (in degree);
P represents the eye pigmentation factor (0 for 
black eyes, 0,5 for brown eyes, 1,0 for light eyes and 
1,2 for very light-blue eyes);
A is the observer age in years.
This model is applicable for angles q between 
0,1° and 100°.
installations. The range of tested luminance is be-
tween 0,5 to 20 cd / m2 for considering the last part 
of the transition zone in tunnel installations too.
1.2. Disability glare and contrast 
Glare is a very crucial matter because it affects 
negatively our ability in vision, reducing contrast 
and for this reason, our ability to perceive objects 
and obstacles. For example, in road lighting, the vis-
ibility of objects is the key condition for motorised 
traffi c safety, and their perception is strongly linked 
to contrast, glare and, in a lesser extent, colour ren-
dering conditions. These problems are deeply con-
sidered in CIE both in Division 1 and 4 where TC 
is involved in their study.
Usually subjective experiments concerning dis-
ability glare have been performed considering light-
ing sources of different intensity and angular exten-
sion and their infl uences on perceived contrast. From 
these experiments results, several vision models 
have been proposed, in order to be applied in light-
ing systems design and in defi ning maximum ac-
ceptable values.
For road lighting, CIE suggests several design 
rules and parameters (average value of luminance 
or illuminance, uniformity, threshold increment, 
etc., CIE 2010) adopted in national and international 
standards as lighting classes (EN 2004), where the 
performance values are given according to road and 
traffi c conditions. These values, based on several 
decades of experiences in installations, are well fi tted 
to common discharge light sources usually adopted 
in lighting plants.
Only disability glare is considered and a maxi-
mum level of TI is given, correlated to the average 
illuminance or luminance on the road surface. Instal-
lations where TI values are lower then the required 
limit are considered without glare, installations with 
TI values greater then this limit are not allowed. This 
represent a simplify approach of a continuous vary-
ing phenomena, where the increase of glare requires 
more light to maintain constant the traffi c safety con-
ditions. To reduce the environmental impact of light-
ing installations and save energy some more com-
plex rules could be proposed (EMRP 2009) especial-
ly for adaptive systems.
For these reason, glare and contrast evaluation 
needs to be reviewed and improved for characte-
rising LED luminaries in road lighting installations.
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sources more representative of road lighting will be 
used (i.e. sodium high pressure). The third and fi nal 
phase will consider a real installation and dynamic 
experiments.
The subject was seated in front of the calibrat-
ed monitor at a distance of 0,6 m. The luminance 
of the screen was set at two nominal values (9 and 
22 cd/ m2). Its uniformity was measured using a cal-
ibrated ILMD (Imaging Luminance Measurement 
Device) placed at the observer position. The average 
values were 9.04 cd/ m2 and 20.83 cd/ m2 with a uni-
formity (minimum value / maximum value) of 0.89 
and 0.91 respectively.
The targets position on the display was defi ned 
using a pseudo-random algorithm for every screen 
luminance and glare conditions (no source, LED 
source, incandescent source) and was the same for 
every subject.
To improve the accuracy in the calculation of in-
trinsic contrast, the luminance of target and lumi-
nance of the background (a square area centred 
round the target with a side of three times the target 
side) were measured with the same ILMD at every 
random position of the target.
In front of both lamps two diffusing glasses were 
put in order to obtain two uniform sources of the 
same angular extended. Using this expedient only 
the spectrum infl uences on subject performance has 
been investigated.
Since it is very diffi cult to obtain high uniformi-
ties of the source surfaces, their luminance were 
measured with the same ILMD, pixel by pixel and 
these values used to calculate the veiling luminance 
(eqn. 1) considering the correct angle between the 
2. THE EXPERIMENT 
2.1. Description 
The research described in this paper is a prelimi-
nary test carried out with the aim to gain knowledge 
about the infl uence of the different spectra between 
white LED and an incandescent source on glare 
in the vision of small virtual targets in order to de-
sign both a static and a dynamic experiment in an 
ad hoc real installation, with signifi cant parameters 
in the more critical range.
This experimental session investigates the in-
fl uence of different light sources on the perceived 
contrast, using self luminous images of a target on a 
monitor in a dark and quiet room (Fig. 1).
Behind a dark panel, on the two sides of the 
screen, two holes (100 mm diameter) accommodate 
the LED source on the right and the reference source 
on the left (Fig. 1). The angular displacement of the 
sources was variable with the random position of the 
target in the display (direction of observation) in the 
range from 14° to 46°. The emitted spectra of the 
two sources are diagrammed in Fig. 2.
This test considers as reference source an in-
candescent lamp at 3000 K. Incandescent sourc-
es are not representative of traditional sources for 
road lighting, but of sources used in experiments 
about glare and vision modelling. In the next phase, 
a second static experiment, to evaluate the infl u-
ence of the source luminous surface (a large surface 
of uniform high luminance for traditional luminaires 
and a number of bright point uniformly distributed 
on a low luminance surface for LED luminaires), 
Fig. 1. Experimental set-up
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• With only the LED source on, providing glare 
and 503 lx on the subject’s eyes.
In this way it was possible to investigate:
• The contribution of glare due to a specifi c light 
source on perceived contrast (considering also the 
time needed to fulfi l the test and the average time 
from the detection to a target and its subsequent) 
in order to delineate the perceptual threshold, with 
particular attention to the specifi c infl uence of lights 
with different spectrum;
• The infl uence of glare on the ability of subject 
in discriminating differences between target with dif-
ferent contrast;
• The validity of the Adrian model of STV for 
glare coming from LED sources.
2.2. Measurement accuracies 
All the measurements were carried out with cali-
brated instruments and the measurement uncertain-
ty of 1.5 % for illuminance and 2 % for luminance.
The power light sources and display operated 
with stabilized power supply to guaranty high sta-
bility of the photometric parameters for all the ex-
periment time. The operating conditions were tested 
periodically during the experiment days.
Because the position of the head of the subject 
was weakly defi ned, depending on the observer head 
dimensions and small movements during the experi-
ment, the Illuminance on the subject eye could have 
been only estimated. For this purpose the eyes illu-
minace was measured in 15 points of a parallelepi-
ped 20 mm x 40 mm x 60 mm centred at the nominal 
eye positions, Fig. 4. The uniformity of illuminance 
in this space was 0.63 for the incandescent source and 
0.53 for the LED source. These non-uniformities are 
target on the screen, the measured luminance of el-
ementary surface framed by the pixel and converting 
this luminance value in the equivalent illuminance 
on the observer eye.
Twenty-two subjects with good visual capacities, 
distinguished by age (22 to 30: young group, 35 to 
55 elderly group), iris colour (light and dark) and 
eyeglass, attended the experiment.
Targets dimension and source position satisfy the 
constraints of the CIE model for glare (CIE 2002). 
All targets have the same squared shape and dimen-
sion (4 mm) and are surely supra-threshold (refer-
ring to dimension).
The experiment was divided in two sections: 
in the fi rst part, a set of eighteen targets, with dif-
ferent luminance, was generated and randomly po-
sitioned on the screen. When the observer saw a tar-
get, had to click with the mouse on it. Two different 
backgrounds luminance (see above) have been used, 
and presented alternatively to the subjects.
In the second part of the experiment, subjects 
were asked to put in order all targets they detected 
before, and displayed in the same place as in the fi rst 
experiment part, from the lower to the higher con-
trast as shown in Fig. 3.
Both experiment parts were performed by all sub-
jects in three different visual conditions:
• Dark;
• With only the incandescent source on, provid-
ing glare and 479 lx on the subject’s eyes;
Fig. 2. Spectral density of the two sources used in the experiment
Fig. 3. Target sequence ordered by luminance contrast
Light & Engineering Vol. 20, No. 1
125
gets. This means that the selected group of observers 
was suitable for this visual task.
Considering all subjects together, the contrast 
perception threshold shift due to the presence 
of glaring sources is visualized in Figs. 8 and 9.
This shift becomes signifi cant with a low lumi-
nance background and an incandescent glare source 
in negative contrasts. With a high luminance back-
ground the two glare source have practically the 
same infl uence.
The resolution in the luminance increments of the 
computer display and its graphic driver reduce the 
possibility to better investigation in the near under-
threshold zone.
For what regards the second part of the test, the 
subjects were asked to align all the targets they se-
lected before ordering them by contrast (Fig. 3).
Considered the ideal right alignment for each tar-
get selection made by each subject, we then calcu-
the main source of uncertainty in the evaluation of the 
veiling luminance and of the perceived contrasts.
2.3. Data analysis and results 
As data analysis, we fi rst calculated the contrast 
perception threshold for each environmental condi-
tion (dark, incandescent light and LED), for each 
background used for the target visualization (low 
and high luminance) and for each group of subjects 
(group 1: age from 22 to 30, group 2: age from 35 
to 55, Figs. 5–7).
For what regards the first condition (in dark-
ness), in general we see that not so many differ-
ences comes out from the age parameter as contrast 
perception thresholds are similar between the two 
groups (Fig. 5). On the other hand, the threshold 
shift is considerable if a lighter background is used 
instead of a darker one for the visualisation of tar-
Fig. 4. Measurement points of illuminance around observer’s eye
Fig. 5. Contrast perception threshold in the dark condition, using low luminance background (left) and high luminance 
background (right), for the group 1 (age from 22 to 30) and group 2 (age from 35 to 55) 
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have a small training to understand clearly the ex-
periment behaviour.
At low luminance background, the two sources 
give practically the same result with a low accuracy 
in doing the visual task.
Experiments carried out at high luminance back-
ground did not show the bias conditions because the 
subject now has experience in the task and, expect 
for the incandescent source show a great improve-
ment in accuracy (Fig. 11).
3. CONCLUSIONS 
The preliminary experiments described in this pa-
per try to obtain data for compare the spectral infl u-
ence on disability glare for application in road light-
ing of LED luminaires.
In road lighting the safety traffi c condition is de-
scribed by the capability to detect an obstacle on the 
carriageway at a distance of about 83 m, when the 
lated all the mistakes committed by subjects doing 
this operation.
A mistake in positioning a target in the correct 
place considering its contrast, as regards the one be-
fore and the one after, has been considered one er-
ror and so on for all the sequence starting from the 
fi rst target at left.
Then we obtained a mistake index for each sub-
ject, dividing the number of mistakes committed 
by the number of targets ordered (this number is dif-
ferent for each subject because of course someone 
can detect more target than someone else).
Doing this operation we could compare the infl u-
ence of glare in the capacity of the subjects in order-
ing targets by contrast, that means distinguish very 
little luminance differences.
The test stated in dark conditions and low lumi-
nance background (see Fig. 10) therefore the great 
number of mistake we recorded in the dark condi-
tion can be biased by the necessity for the subject to 
Fig. 6. Contrast perception threshold in the glare condition caused by incandescent light, using a low luminance background 
(left) and a high luminance background (right), for the group 1 (age from 22 to 30) and group 2 (age from 35 to 55)
Fig. 7. Contrast perception threshold in the glare condition caused by LED light, using a low luminance (left) and a high 
luminance background (right), for the group 1 (age from 22 to 30) and group 2 (age from 35 to 55) 
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Fig. 8. Comparison between the three contrast perception 
thresholds (dark condition, glare by incandescent light and 
glare by LED light) considering all the subjects and using a 
low luminance background for the target visualization
Fig. 9. Comparison between the three contrast perception 
thresholds (dark condition, glare by incandescent light and 
glare by LED light) considering all the subjects and using a 
high luminance background for the target visualization
Fig. 10. Comparison between the three testing condition (dark condition, glare by incandescent light and glare by LED 
light) considering all the subjects and using a low luminance background for the target visualization
Fig. 11. Comparison between the three testing condition (dark condition, glare by incandescent light and glare by LED 
light) considering all the subjects and using a high luminance background for the target visualization 
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5. CIE 2010, CIE 115:2010, Lighting of Road for 
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eye is adapted at the average road luminance and 
in the presence of disability glare due to luminaires.
The fi rst part of the experiment investigate this 
situation: the effect of glare is practically equiva-
lent for the two source but at lower adaptation lumi-
nance the LED gives better performances for nega-
tive contrast.
The second safety condition is to clearly identify 
the obstacle or the lighted environments. This can be 
correlated to the ability to perceived and understand 
small luminance differences, i.e. the visual task stud-
ies in the second part of the experiment.
The effect of glare is practically independent 
from the glare source type at higher adaptation lu-
minances (22 cd m-2) while at lower adaptation lu-
minances LED (9 cd m-2) LED sources give better 
performances then incandescent lamps.
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